The title compound, C 45 H 70 P + ÁClO 4 À or [Tripp 3 PH + ][ClO 4 À ], was produced from the perchlorate salt of the corresponding radical cation Tripp 3 P Á+ through very slow H-atom abstraction reactions in a solution of 1,2-dimethoxyethane (Tripp is 2,4,6triisopropylphenyl). The H atom on the P atom was located in a difference map and was freely refined with an isotropic displacement consistent with full occupancy [P-H = 1.37 (3) Å ]. It is the most sterically congested triarylphosphonium salt yet to be reported and has a 'propeller' arrangement of the three Tripp groups around the P atom, with the protonation site located along the molecular threefold axis. There are short contacts between the flanking isopropyl methine H atoms and the P atom [PÁ Á ÁH = 1.99 (2)-2.17 (2) Å ]. The sum of the angles around the P atom [AE(C-P-C) = 349.9 (6) ] is a convenient index of pyramidality for tricoordinate centres. This value is significantly larger than in analogous Mes 3 PH + salts (Mes is mesityl or 2,4,6trimethylphenyl), for which the average of the three reported structures in the literature is AE(C-P-C) = 345.3 (6) . For comparison, in the ubiquitous Ph 3 PH + salts, this parameter has a typical average value of only 333.3 (9) . The value of AE(C-P-C) in the title compound is midway between that of the neutral phosphane Tripp 3 P [334.4 (6) ] and the phosphoniumyl radical cation Tripp 3 P Á+ [359.8 (2) ]. This geometrical feature provides additional support for the assignment as a phosphonium salt.
Introduction
There is intense current interest in the preparation and isolation of stable phosphoniumyl radical cations (Bullock et al., 2013; Boeré et al., 2008; Sasaki et al., 2002 Sasaki et al., , 2004 Sasaki et al., , 2006 Sasaki & Yoshifuji, 2007; Chalier et al., 1996) . Exhaustive studies have shown that this can be achieved only when very bulky substituents are employed, and thus far all the successful examples use bulky aryl groups. The widely used 2,4,6-trimethylphenyl (Mes) group has been shown to lead to persistent radical cations of the type [Mes 3 P Á+ ], but these are still reactive species and salts have never been isolated. By increasing the steric bulk through the use of various aryl groups that have in common flanking 2,6-diisopropyl groups, designated i-Pr 2 Ar, a number of stable [ i-Pr 2 Ar 3 P Á+ ] radical cations have now been reported. Significantly, Pan et al. (2013) recently reported the first crystal structures in this class with a number of salts containing the 2,4,6-triisopropylphenyl (Tripp) group. Three structures of the type [Tripp 3 P Á+ ]X À were reported with X À = SbF 6 À , [Al{OC(CF 3 ) 3 } 4 À ] and [Al{OCMe-(CF 3 ) 2 } 4 À ], as well as [MesTripp 2 P Á+ ][Al{OC(CF 3 ) 3 } 4 À ]. Each of the [Tripp 3 P Á+ ]X À salts was found to have structures that are planar within experimental error, with an average of the sums of the angles around the P atom (for background on this parameter, see: Boeré & Zhang, 2005) , denoted AE(C-P-C), of 359.8 (2) , whilst the [MesTripp 2 P Á+ ] cation was found to be mildly pyramidal, with a AE(C-P-C) value of 349.15 (6) (Pan et al., 2013) . These workers report that solutions of [Tripp 3 P Á+ ]X À salts retain their colour when reacted with the H-atom source n Bu 3 SnH. We have also prepared [Tripp 3 P Á+ ]X À salts with a variety of anions via the corresponding silver(I) salts with the identity of the radical cations confirmed by electron paramagnetic resonance (EPR) spectroscopy (see below). Although we obtained stable solid materials with X À = SbF 6 À , AsF 6 À and ClO 4 À , we have been unable to obtain diffraction-quality crystals. However, solutions of [Tripp 3 P Á+ ][ClO 4 À ] slowly deposit large blocks over long periods of storage in the dark that, while streaked with residual red colour (presumably from occluded radical cation), are predominantly colourless. The structure determination reported here demonstrates that these are the diamagnetic phosphonium salts which are probably obtained by very slow H-atom abstraction reactions. Thus, our results do not contradict the reports that a rapid reaction with reactive Hatom sources such as n Bu 3 SnH does not occur for the [Tripp 3 P Á+ ] radical cation; over time, perhaps with lattice forces as a driving mechanism, the H-atom abstraction product does form even from relatively unreactive H-atom sources (other molecules of the radical cation or the 1,2-dimethoxyethane solvent). Radical attack on C-H bonds by phosponiumyl ions has recently been reported and can be 2. Experimental
Synthesis and crystallization
A small quantity of tris(2,4,6-triisopropylphenyl)phosphane (Tripp 3 P), prepared according to the literature method of Sasaki et al. (2002) , was placed in the wide limb [outer diameter (od) 8 mm] end of a Pyrex 'T' tube, and a grain of AgClO 4 was added to the solid. Dried degassed 1,2-dimethoxyethane (DME; distilled under N 2 from molten sodium) was added by syringe (1.0 ml) and the reaction mixture was immediately connected to a vacuum line and freeze-thaw degassed three times. While still under vacuum, the opening was sealed by melting the glass. After cooling the hot glass, the reaction mixture was carefully thawed and shaken to dissolve the reagents. An immediate intense deep-red colour developed. Small quantities of the red material were decanted into the other arm of the vessel, which consists of a 4 mm od EPR tube. Solvent was then carefully distilled into the narrow limb to ensure a dilute solution of the radical. The EPR spectrum (X-band, 9.7674 GHz) was determined ( Fig. 1 ) at ambient temperature (ca 291 K). The spectrum displays the characteristic doublet from coupling to the single 31 P nucleus with a hyperfine splitting of 23.62 mT and a third-order corrected g value of 2.0060. Unresolved coupling to H atoms of the 2,4,6triisopropylphenyl ring is evident from the need to include about 15% Gaussian character to the simulated line shape. The spectrum displays unsymmetrical linewidths, which fit to a 'slow tumbling' equation: LW = (0.650 À 0.10m) mT (Murphy, 2009) . This data may be compared to a reported a( 31 P) = 23.3 mT and (likely uncorrected) g = 2.008 for solutions made up from the corresponding SbF 6 À salt in CH 2 Cl 2 (Pan et al., 2013) . Repeated attempts to grow crystals of such salts with a variety of anions from many different solvents were unsuccessful, but over a very long time (4-5 years) during storage of the sealed T-tube in the dark at ambient temperature, large blocks developed containing red tinted streaks, but which are nevertheless predominantly colourless. Successful solution of the single-crystal structure shows that rather than the expected radical cation salt [Tripp 3 P Á+ ][ClO 4 À ], which has a deep-red colour, the crystals are composed of the colourless diamagnetic phosphonium salt, [Tripp 3 PH + ][ClO 4 À ], (I). We believe that this product results from slow H-atom abstraction, either from the reaction medium (solvent or adventitious moisture) or from other cation molecules. The other possibility, that excess silver salt has hydrolysed to HClO 4 which then protonated unreacted phosphane, cannot be ruled out entirely, but does not seem to be consistent with the timescale of the reaction that was established from monitoring the EPR spectra.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . H atoms attached to C atoms were treated as riding, with C-H = 0.98 Å and U iso (H) = 1.5U eq (C) for methyl, C-H = 1.00 Å and U iso (H) = 1.2U eq (C) for methine, and C-H = 0.95 Å and U iso (H) = 1.2U eq (C) for aromatic H atoms. Refined as an inversion twin Absolute structure parameter 0.49 (7) Computer programs: APEX2 (Bruker, 2008) , SAINT-Plus (Bruker, 2008) , SHELXS97 (Sheldrick, 2008) , SHELXL2013 (Sheldrick, 2013) , Mercury (Macrae et al., 2006) and publCIF (Westrip, 2010) . was located in a difference Fourier map and refined freely with an isotropic U value. The 'CALC VOID' routine in PLATON (Spek, 2009) was used to identify solvent-accessible voids in the unit cell.
Results and discussion
We report here the structure determination of tris(2,4,6triisopropylphenyl)phosphonium perchlorate, [Tripp 3 PH + ]-[ClO 4 À ], (I) (Fig. 2) . There are only a relatively small number of structures reported that contain Ar 3 PH + cations. A search of the Cambridge Structural Database (CSD, Version 5.34, with updates to May 2013; Allen, 2002) resulted in 45 different structures; of these, 24 contain the Ph 3 PH + ion and another eight are closely related [such as (XC 6 H 4 )Ph 2 PH + ions]. Taking three of the more accurately determined structures containing the Ph 3 PH + ion [refcodes ABERAA (Junk & Atwood, 1999) , BARVUL (Boorman et al., 1981) and KAXQUW (Hagenbach & Abram, 2005) ] yields an average AE(C-P-C) value of 333.3 (9) (see Table 2 ). Obviously more sterically bulky phosphonium salts identified from this search include four exemplars of tris(2,4,6-trimethoxyphenyl)phosphonium salts [refcodes LAFGEE10, WIBJEW and WIBJIA (Dunbar & Quillevere, 1993) , and TAJGAM (Dunbar & Pence, 1991) ]. These structures show greater variation in pyramidality compared to Ph 3 PH + apparently because the substituents take differing orientations around the P atom, resulting in an average AE(C-P-C) value of 340 (3) , with a rather large s.u. value. The bulkiest structures reported to date contain Mes 3 PH + ions, for which three structures are present in the CSD [refcodes LUWPOJ (Mé nard & Stephan, 2010) , QUHCAY (Jiang et al., 2009 ) and XALCUK (Schä fer et al., 2011)]. These display fairly consistent structural features with 'propeller' orientations of the aryl rings, yielding an average AE(C-P-C) value of 345.3 (6) . The increased steric bulk of the Tripp substituent is then clearly observable by the AE(C-P-C) value of 349.9 (6) in (I). The pyramidality index of (I) places it firmly between the planarity observed in Tripp 3 P Á+ salts, with an average AE(C-P-C) value of 359.8 (2) (Pan et al., 2013) , and the more pyramidal neutral Tripp 3 P, for which the AE(C-P-C) value is 334.4 (6) (refcode XUNXEJ; Sasaki et al., 2002) . This distinctive structural feature provides strong support for our identification of the title cation as a phosphonium ion.
An unusual feature of the structure of (I), and one that is likely a direct consequence of steric crowding, is the presence of short intramolecular distances between atom H1 on P1 and the three flanking isopropyl group methine H atoms H7, H25 and H37, with HÁ Á ÁH distances ranging from 1.99 (2) to 2.17 (2) Å , and thus shorter than or equal to the sums of the van der Waals radii of 2.18 Å . Perusal of space-filling mol- The structure of the cation-anion pair in (I), with displacement elipsoids drawn at the 40% probability level and showing the atom-numbering scheme. H atoms on C atoms have been omitted to enhance visibility. 
Figure 3
A packing view with the b axis vertical and the bisector of a and c perpendicular. The contact surfaces of the small void volumes in the lattice are shown (each cavity has a volume of 30 Å 3 ). H atoms on C atoms have been omitted to enhance visibility. ecular models shows that atom H1 is completely buried amongst these flanking isopropyl group atoms. Severe steric crowding is also indicated by distortions in the aryl ring. In particular, the C31-ring shows a distinct boat conformation; from the least-squares plane defined by atoms C32/C33/C35/ C36 (r.m.s. deviation = 0.002 Å ), the other atoms deviate by 0.058 (4) (C34) 0.064 (4) (C31) and 0.627 (5) Å (P1). In contrast, in neutral Tripp 3 P, the most distorted ring has the ipso-C and P atoms 0.046 and 0.491 Å , respectively, out of plane (refcode XUNXEJ; Sasaki et al., 2002) . The final feature of note in this structure is the presence of four voids in the unit cell with a volume of 30 Å 3 each (Fig. 3) . These were identified with the help of the 'CALC VOID' routine in PLATON (Spek, 2009), as well as with Mercury (Macrae et al., 2006) . However, the voids seem to be empty of any nuclei. Most likely these cavities are merely consequences of packing such large cations with the relatively small perchlorate anions, but we cannot rule out the possibility that some contain free electrons left over from the H-atom abstraction reactions that lead to these phosphonium salts.
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